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Abstract 
Harvesting practices in most coffee farms in Indonesia, due to some reasons, have resulted not only red coffee 
cherries but also green, yellow and deep red cherries. This is suspected to be the cause of low quality coffee beans 
encountered by traders. This research aimed to characterize some engineering properties of coffee beans produced 
from wet process in respect to different colors of coffee cherries, and to especially highlight engineering properties 
of beans from green and deep red cherries. Non Factorial Simple Random Sampling Experimental Design was used 
for experiment and then ANOVA and DMRT 5% of SPSS statistical package programs were employed to analyze 
the experimental data. The result of experiments indicated that some engineering properties varied among the 
beans from different colors of coffee cherries. The length, frontal area, weight of 1000 beans, porosity, density and 
true density of beans processed from green cherries, and weight of 1000 beans and angle of repose of beans 
produced from deep red cherries were significantly different from those of beans resulted from the other cherries. 
This finding suggested that the first 6 and the second 2 engineering properties might be elaborated to separate 
respectively coffee beans of green cherries and coffee beans of deep red cherries, from the other beans. 
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1. Introduction 
Harvesting practice is determinant factor affecting the quality of coffee beans. Proper harvest picks onlyripe 
cherries characterized by bright red color and firm texture. However research on harvesting coffee cherries in 
Bengkulu Province revealed that farmers picked not only red cherries but also green and yellow cherries (unripe 
fruits), deep red cherries (overripe fruits) in various proportions. Distance from villages and accessibility of farms, 
selective picking time, risk of cherries losses by thief and no added price in respect to picking only red cherries were 
among the reasons posed by farmers. This mode of coffee cherries picking might represent harvesting practice in 
coffee farms in Indonesia. The resulted cherries are usually processed into coffee beans without fruit sorting. This is 
suspected to be the motive of low quality of coffee beans. Based on this facts it should be great advantage if coffee 
beans originated from green, yellow, red and deep red cherries could be sorted according their certain engineering 
properties, especially beans originated from green and deep red cherries. 
Engineering properties including  weight of 1000  beans, geometric diameters, sphericity,  frontal  area, 
porosity, bulk density, coefficient of static friction and angle of repose have been explored for seeds and beans such 
as locust seeds (Ogunjimi et al. 2002 ), rosella seeds (Omobuwajo et al. 2000), coriander seeds (Coşkuner and 
Karababa, 2007), pine (Pinus pinea) nuts (Ozguven and Vursavus, 2005), fibered flaxseed (Wang et al. 2007). 
Eengineering properties were observed to be varied in groundnuts (Baryeh, 2001), pisum sativum beans (Yalcin et 
al, 2007), peanut beans (Aydin, 2007). Olukunle and Akinali (2012) observed some engineering properties of coffee 
beans at 10.7 % moisture content and reported that length, width and thickness of beans were 8.19 mm, 6.11 mm 
and 4.60 mm respectively while the values of sphericity, coefficient of static friction on mold steel and angle of 
repose were 0.75, 0.33 and 24.8o. Further study on engineering properties of coffee beans in respect to different 
colored coffee cherries  have not been explored. 
This research aimed to characterize engineering properties of coffee beans including bean length, width and 
thickness, sphericity and frontal area, weight of 1000 beans;  porosity, bean density and true density, coefficient of 
static friction and angle of repose resulted from different colored cherries,  and then beans from green and deep red 
cherries were especially highlighted. 
2. Method 
A Non Factorial Simple Random Sampling Experimental Design in respect to different colors of coffee 
cherries as the treatments was used for experiment. For every treatment, measurement of engineering properties of 
beans was repeated three times.  Experimental samples were Robusta coffee cherries having green, yellow, red and 
deep red in color. Cherries were obtained from harvested cherries done by farmer in Karang Tinggi, Middle 
Bengkulu Regency, Indonesia. Fresh cherries were separated according to their colors and then processed into 
coffee beans. Wet method standardized by Directorate General of Plantation Republic of Indonesia (Anonym. 2011) 
were employed for coffee cherries processing. The resulted coffee  beans were separated based on criteria of 
Indonesia National Standard for coffee beans (SNI 2907_2008) in which big beans were used for experiment. The 
big beans of wet process were beans that did not pass sieve number 19 (7.5 mm diameter). Sample beans were 
sorted from defects and spoiled beans before in use for measurement. Beans moisture contents were determined 
from randomly selected samples of beans from green, yellow, red and deep red cherries, using oven method and 
calculated in wet basis. The moisture content of bean was 12.2 % ± 1.1 %. 
Experimental equipments were set up to quantify bean dimension, sphericity, frontal area, weight of 1000 
beans,  porosity, density and true density, coefficient of static friction and angle of repose. Samples of coffee beans 
from different colors of cherries were randomly selected for measurement. To measure dimension (length, width, 
thickness), sample of 20 beans were measured using micrometer. Sphericity and frontal area of beans were then 
calculated respectively from equation (1) and (2). 
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Weight of 1000 was determined by weighing beans with a digital balance. Porosity was measured utilizing 
equipment and its related equation described by Mohsenin (1986). Porosity meter consisted of two bottles having 
the same volume and connected with glass tube for air supply. The tube was connected to an air pump at one end 
and a manometer situated between two bottles, and equipped with three valves to enable to measure air pressure in 
the bottles. During operation the second bottle was filled up with beans to be tested. Air was pumped into the first 
bottle and its pressure was red as P1. Pressured air in the first bottle was then distributed to the second bottle and 
after air pressures in two bottles were in balance, the manometer reading was taken, P2. Knowing P1   and P2 the 
porosity was obtained. Due to the given bulk volume of beans and employing the value of porosity together with the 
weighted sample, density and true density were calculated.  Coefficient of static friction was determined on 
aluminium sheet. It was calculated from angle of friction measurement. Hollow plastic foam box measuring 10 cm 
x 10 cm x 4 cm and adjustable tilting table covered with aluminium sheet were used to measure angle of friction. 
The box was filled by the beans, placed on the table and then the surface was raised up gradually until the box 
just started to slide down. The angle of the surface was red from a scale mounted on the table and the coefficient of 
static friction was calculated as the tangent of this angle. To measure angle of repose a hollow plastic cylinder 
having 7 cm in diameter and 7.5 height and metallic pin hanging on a rope with adjustable position were used. The 
cylinder was placed fully with beans, placed on a table and then dragged quickly in vertical direction to release the 
beans. A conic pile of beans was formed and the height of its peak was located with the hanging pin in order to 
measure it. The horizontal distance of the pile from its peak to the representative radius of conic pile was measured 
and together with the height of the peak in order to determine the angle of repose being measured. ANOVA and 
DMRT 5% of SPSS statistical package programs were employed to analyze the experimental data. 
3. Result and Discussion 
Experimental data for average values for length, width and thickness of beans, sphericity and frontal area 
together with their standard of deviations were presented in Table 1 while average values for weight of 1000 beans, 
porosity, density, and true density, coefficient of static friction and angle of repose together with their 
standard of deviations were presented in Table 2. Characters following the number in the tables represented 
the results of DMRT of 5 % significant level after ANOVA. 
Table 1. Average values for average values for length, width and thickness of beans, sphericity and frontal area together with their standard of 
deviations, and results of 5 % significant level DMRT. 
 
Cherries 
Color 
Length 
(mm) 
Std. 
(mm) 
Width 
(mm) 
Std. 
(mm) 
Thickness 
(mm) 
Std. 
(mm) 
Sp. 
(%) 
Std. 
(%) 
fa 
(mm2) 
Std. 
(mm2) 
Green 11.61a 0.58 8.35a 0.50 5.04a 0.42 67.9a 3.5 76.12a 6.30 
Yellow 11.94b 0.60 8.56ab 0.51 5.18ab 0.38 67.8a 3.5 80.23b 6.07 
Red 12.10b 0.59 8.84c 0.46 5.45c 0.42 69.1a 3.6 83.94c 4.83 
Deep Red 12.00b 0.79 8.66bc 0.53 5.31bc 0.36 68.4a 3.7 81.64bc 7.57 
Notes: Sp. = sphericity, fa = frontal area, Std. = standard deviation; the number followed by the same characters meant have not significant 
difference. 
Table 2. Average values for weight of 1000 beans, porosity, density, true density, coefficient of static friction and angle of repose together with 
their standard of deviations, and results of 5 % significant level DMRT. 
 
Cherries 
 Color  
w 
(g)  
Std. 
(g)  
 
Pr  
 
Std.  
ρ 
(kg/m3)  
Std. 
(kg/m3)  
ρt 
(kg/m3)  
Std. 
(kg/m3)  
 
Cf  
 
Std. 
αr 
(⁰)  
Std. 
(⁰) 
Green 262.93a 4.84 0.54b 0.01 740.0a 13.3 1614.8b 15.1 0.50ab 0.02 29.49c 0.51 
Yellow 304.63c 9.14 0.50a 0.01 780.0bc 6.7 1568.1a 27.0 0.46ab 0.07 23.03a 0.33 
Red 303.63c 1.31 0.49a 0.01 788.9c 7.7 1540.6a 35.6 0.54b 0.06 29.00c 0.42 
Deep Red 277.27b 7.57 0.51a 0.01 766.7b 6.7 1551.3a 9.3 0.43aa 0.02 26.30b 1.20 
Notes: w = weight of 1000 beans, Pr   = porosity, ρ = density, ρt  = true density, Cf = Coefficient of static friction, αr= angle of 
repose; the number followed by the same characters meant have not significant difference. 
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The above data indicated that in general engineering properties of beans were length = 11.61 – 12.10 mm, width 
= 8.35 – 8.84 mm, thickness = 5.04 – 5.45 mm, sphericity = 67.8 – 69.1, frontal area = 76.12 – 83.94 mm2, weight 
of 1000 beans = 262.93 – 304.63 g, porosity = 0.49 – 0.54, density = 740.0 – 788.9 kg/m3, true density = 1540.6 
– 1614.8 kg/m3, coefficient of static friction = 0.43 – 0.54, and angle of repose 23.03 – 29.49. ANOVA and DMRT 
analyses based on data in Table 1 and 2 in respect to coffee beans from green and deep red cherries revealed as 
follows. The length, frontal area, weight of 1000 beans, porosity, density and true density of beans from green 
cherries were significantly different from those of beans from the other cherries. This funding suggested that these 
six engineering properties could be elaborated to sort coffee beans of green cherries from the other beans. On the 
other hand weight of 1000 beans and angle of repose of beans from deep red cherries had significant difference from 
those of beans from the other cherries suggesting that these two engineering properties might be considered to 
separate beans from deep red origin, from the other beans. It could be noted that only repose angle of beans resulted 
from yellow cherries was significantly different from those of beans from the other cherries and there were no 
significant different engineering properties of beans from red cherries from those of beans from the other cherries. 
Compared to the values observed by Olukunle and Akinali  (2012) the length, width and thickness of beans were 
higher on the other hands the value of sphericity was lower, the coefficient of static friction was higher,  and the 
average of angle of repose was also relatively higher. 
4. Conclusion 
Engineering properties of big coffee beans resulted from wet process were explored in respect to different 
colors of coffee cherry origins. The average values of length, width, thickness, weight of 1000 beans, porosity, 
density, true density, coefficient of static friction and angle of repose of beans were 11.61 to 12.1 mm, 8.35 to 8.84 
mm, 5.04 to 5.45 mm, 67.9 to 69.1 %, 76.12 to 83.94 mm2, 262.93 to 304.63 g, 0.49 to 0.54, 740 to 788.9 kg/m3, 
1551.3 to 1614.8 kg/m3, 0.43 to 0.54 and 23.03o   to 29.9o   respectively. The length, frontal area, weight of 
1000 beans, porosity, density and true density of beans from green cherries were significantly different from 
those of beans from the other cherries. Weight of 1000 beans and repose angle of beans from deep red cherries 
possessed significant difference from those of beans from the other cherries. The first 6 engineering properties 
might be utilized to separate beans of green cherries from beans resulted from yellow, red and deep red cherries. 
The second 2 engineering properties might be elaborated to separate beans of deep red cherries from beans 
produced from green, yellow and red cherries. 
References 
Anonim, 2011. Coffee ml.scribd.com/doc/54404845/Book of Coffee-Acc-Dirjen 5 Feb 2011 
Aydin, C., 2007. Some engineering properties of peanut and kernel. Journal of Food Engineering 79(3) : 810–816. Baryeh, E.A., 2001. Physical 
properties of bambara groundnuts. Journal of Food Engineering 47(4) : 321–326. Coşkuner, Y., Karababa, E., 2005. Physical properties of 
coriander seeds (Coriandrum sativum L.). Journal of Food Engineering 80(2) : 408–416. 
Mohsenin, N.N. 1986. Physical Properties of Plant and Animal Materials. Second  updated and Revised Edition, Gordon and Breach 
Science Publications, 891 p. 
Ogunjimi, L.A.O, Aviara, N.A., Aregbesola, O.A., 2002. Some engineering properties of locust bean seed. Journal of Food Engineering 55(2) 
: 95-99. 
Olukunle, O.J., Akinnuli, B.O., 2012. Investigating Some Engineering Properties of   Coffee Seeds and Beans. Journal of Emerging 
Trends in Engineering and Applied Sciences (JETEAS) 3(5): 743-747. 
Omobuwajo, T.O., L. A Sanni, L.A.,  Balami, Y.A., 2000. Physical properties of sorrel ( Hibiscus sabdariffa) seeds. Journal of Food 
Engineering 45(1) : 37-41. 
Özgüven, F.,   Vursavuş, K., 2005. Some physical, mechanical and aerodynamic properties of pine (Pinus pinea) nuts. Journal of Food 
Engineering 68(2) : 191–196. 
Wang, B., Li,D., Wang, L.J., Huang, Z.G., Zhang, L., Chen, X.D.,Mao,Z.H., 2007. Effect of Moisture Content on the Physical Properties of 
Fibered Flaxseed. International Journal of Food Engineering 3(5) : 1 -11. 
Yalçın, I., Özarslan, C., Akbaş, T.,   2007. Physical properties of pea (Pisum sativum) seed. Journal of Food Engineering 79(2) : 731–
735. 
